et al. Long-term administration of fenspiride has no negative impact on bone mineral density and bone turnover in young growing rats.
Osteoporosis is a generalized bone disease characterized by low bone mass and disorders of bone architecture leading to increased susceptibility and, in consequence, to fractures. 1 Osteoporosis and osteoporotic fractures generate high costs of medical care, physical disability and increased mortality. In 2010, it was estimated that in Europe osteoporosis affects 22 million women and 5.5 million men, with 3.5 million new bone fractures per year, including 610,000 hip fractures, 520,000 vertebral fractures, 560,000 forearm fractures, and 1.8 million fractures in other localizations. 2 Achieving the proper peak bone mass (PBM) in young people (25-30 years) is extremely important for decreasing the risk of osteoporosis and fractures in adulthood 3 and possibly in the elderly. 4 In young organisms, intensive bone turnover is observed, with bone formation predominant over bone resorption. As a result, the skeleton achieves the appropriate size, shape, and weight of bones. 5 The maximum PBM value depends on many different variables, such as genetic, hormonal and environmental factors. 4 Many drugs may have significant impact on bone mineral density (BMD) and bone metabolism in children (glucocorticoids, methotrexate, antiepileptic drugs). 6, 7 Therefore, it is important to assess the influence of various drugs on growing bones.
Fenspiride is used to treat acute and chronic respiratory tract infections and otitis media in children and adolescents. It is an H1-antihistamine agent that decreases the synthesis of pro-inflammatory mediators (cytokines, tumor necrosis factor α (TNF-α), prostaglandins, leukotrienes, and free radicals) and relaxes the smooth muscles, similarly to papaverine. [8] [9] [10] The presence of H1-histamine receptors on both osteoblasts and osteoclasts has been confirmed. 11 Pro-inflammatory cytokines, e.g., interleukin-1, interleukin-6 and TNF-α, increase osteoclast activity through the RANK/RANKL/OPG pathway and inhibit osteoblast activity. Prostaglandins may stimulate both bone formation and bone resorption. 12 Leukotrienes inhibit osteoblast proliferation, decrease the number of foci of bone tissue mineralization and stimulate the formation of bone cavities by osteoclasts. 13 These findings suggest that fenspiride may influence bone metabolism and BMD. The impact of different antagonists of H1-receptors (e.g., loratadine, cetirizine, pheniramine maleate) on bone metabolism has been studied, 11, 14, 15 but to the best of our knowledge, the action of fenspiride on bone metabolism has not been investigated.
The aim of the study was to assess the influence of longterm administration of fenspiride on BMD and selected markers of bone turnover in young growing rats.
Material and methods

Drugs and chemicals
The drugs used in the study included Pulneo (fenspiride hydrochloricum) 25 mg/1 mL oral drops solution (Aflofarm Farmacja Polska Sp. z o.o., Pabianice, Poland); normal saline solution (B. Braun Melsungen AG, Melsungen, Germany); ketamine 10% solution for injection for veterinary use, 100 mg/mL (Biowet Puławy Sp. z o.o., Puławy, Poland); and Relanium (diazepam) ampules, 5 mg/mL (Polfa S.A., Warszawa, Poland).
The animals and the experiment
The experiment was carried out on 18 8-week-old male Wistar rats with body weight of 190-270 g (mean weight 227.8 ±22.6 g). The animals were housed at room temperature (21-23°C) with 12:12-hour light-dark cycles. They were fed with a standard diet (LSM, Agropol sp. j., Motycz, Poland) that contained 1.2% calcium and 0.7% phosphates. Food and water were provided ad libitum.
Once acclimated, the rats were randomly assigned to 1 of 2 groups (9 animals in each group): group F received fenspiride at a dose of 15 mg/kg (dosing based on a publication by Kuzubova et al. 16 ), or group C (the control group) which received saline solution. The fenspiride and saline solution were given intragastrically (ig) once daily for 90 days (the time needed to cause significant changes in BMD).
Body weights were checked once daily throughout the experimental period. On day 1 and day 93, blood samples were collected from the tail vein for serum isolation. The serum was separated by centrifugation (at 1500 × g) and then stored at −70°C until required for bone metabolic marker assays. On days 2 and 92, dual-energy X-ray absorptiometry (DXA) was performed under general anesthesia with ketamine (50 mg/kg intraperitoneally (ip)) and diazepam (3 mg/kg ip).
The animals were sacrificed in deep narcosis with ketamine (50 mg/kg ip) and diazepam (3 mg/kg ip) on day 93. Femurs and tibias were collected from each animal for further examination.
Ethical approval
All applicable international, national and/or institutional guidelines for the care and use of animals were followed. The experiment was performed with the approval of the Local Ethics Committee for Experiments on Animals at the Wroclaw Medical University, Poland (approval No. 25/2016). All the procedures involving animals performed during the study were in accordance with the ethical standards and practices of the institution where the study was conducted.
Parameters of bone turnover
Total calcium concentration and inorganic phosphorus measurements were performed by a certified laboratory with an Architect Plus ci4100 chemistry analyzer (Abbott Laboratories, Lake Bluff, USA) using commercial tests (Architect/Aeroset Calcium Assay and Architect Phosphorus Assay, both from Abbott Laboratories) according to the manufacturer's instructions. Levels of parathormone (PTH), osteocalcin, C-terminal telopeptide of type I collagen (bCTX), osteoprotegerin (OPG), and receptor activator of nuclear factor kappa B ligand (RANKL) were measured with the following commercial enzyme-linked immunosorbent assay (ELISA) kits: Rat Intact PTH ELISA Kit (Immutopics Inc., San Clemente, USA); Rat Osteocalcin ELISA Kit (SEA471Ra, USCN Life Science Inc., Houston, USA); Rat Beta-Crosslaps ELISA Kit (USCN Life Science Inc.); Rat Osteoprotegerin ELISA Kit (USCN Life Science Inc.); and Rat Receptor Activator of Nuclear Factor Kappa B Ligand ELISA Kit (USCN Life Science Inc.), respectively, according to manufacturers' instructions.
Dual-energy X-ray absorptiometry
Dual-energy X-ray absorptiometry (DXA) was performed on a high-resolution Discovery W (S/N) 81507 device (Hologic Inc., Marlborough, USA). Bone mineral density and fat content were measured.
Macrometric measurements
After sacrificing the animals, the right tibia and right femur were collected from each rat. The bones were weighed using electronic scales (Radwag, Radom, Poland). The bone lengths and mid-length diameter of the diaphysis were measured using digital calipers with a resolution of 0.01 mm (Pro sp. 
Statistical analysis
The significance of differences between values was assessed using Student's t-test. P-values of less than 0.05 were considered statistically significant. The results were presented as means ± standard deviation (SD).
The statistical analysis was performed using STATIS-TICA v. 10 software (StatSoft, Inc., Tulsa, USA). 
Results
Age and body weight
Parameters of bone turnover
The results are presented in Table 1 . On days 1 and 93, no significant differences between groups F and C were found in any of the analyzed serum bone turnover markers (osteocalcin, bCTX), regulatory proteins (RANKL, OPG) or total calcium and inorganic phosphorus concentrations. Parathyroid hormone levels were measured only on day 93, and no significant difference between the 2 groups was detected.
Bone mineral density and macrometric bone parameters
Bone mineral density and macrometric bone parameters are presented in Table 2 . No significant influence of fenspiride was detected on the parameters analyzed.
Discussion
Histamine exerts its action through membrane receptors (H1, H2, H3, and H4) localized in most of the tissues and cells in the organism. 17 H1-antihistamines are widely used in the treatment of allergic disorders and acute or chronic urticarial. 18 However, little is known about the action of H1-antihistamines on bones during the developmental phase in immature organisms. 19 Histamine is a biogenic amine widely distributed throughout the peripheral tissues of the body, and is found in neurons in the central nervous system. 17 The influence of histamine on bone metabolism and the development of osteoporosis was suggested after some observational studies indicating that in patients with systemic mastocytosis, osteoporosis is relatively frequent. 20 It is now well known that histamine is involved in the regulation of osteoclast differentiation through autocrine and paracrine signaling. Histamine increases the number of both osteoclasts and precursors of osteoclasts. What is more, preosteoclasts are also able to synthetize and release histamine. In primary osteoclasts, histamine increases the ratio of RANKL to osteoprotegerin (OPG). 21 It has been documented that histamine increases the synthesis of osteoclast differentiation factor/RANKL in osteoblasts. 22 The RANK/RANKL/OPG system plays an important and crucial role in bone metabolism regulation. 23 Due to the common use of fenspiride in clinical practice, especially in pediatrics, and very often in long-term therapy, the aim of our study was to assess the impact of fenspiride on bone metabolism during intensive bone growth to answer the question of whether the use of the drug negatively influences bone growth and metabolism. We chose a wellestablished experimental model on young growing rats, often used in this type of experiments. [24] [25] [26] We checked selected markers of bone metabolism, such as serum concentrations of osteocalcin, C-terminal telopeptide of type I collagen, RANKL, osteoprotegerin, serum total calcium, inorganic phosphorus, and PTH. Bone mineral density was assessed with densitometric measurements. Additionally, macrometric bone parameters of each animal's right tibia and right femur were measured, tibia and femur indices were calculated (expressed per body mass), and the diameters of the tibias and femurs were measured in typical localizations. All the results demonstrated that the 3-month-long administration of fenspiride to young male rats did not exert any negative impact on bone metabolism parameters.
Observational studies in humans indicate that patients with allergic disorders (e.g., allergies to pollens) who are not treated with any H1-antihistamine drugs suffer almost 3 times more frequently from low-energy bone fractures when compared to patients treated with such agents. Some authors have suggested that this might be due to higher histamine levels in untreated patients. 27 It has been shown in experimental studies that H1-histamine receptor antagonists can inhibit histamine-induced osteoclastogenesis 28 as well as age-related bone loss. 29 The results of some experimental studies suggest that H1-antihistamine agents have no negative impact on bone metabolism and may even have a beneficial influence. 30 In relatively early experimental research, the administration of promethazine (an H1-antihistamine agent) to female ovariectomized rats decreased bone resorption and increased BMD. 29 Treatment with cetirizine (a 2 nd generation H1-antihistamine) did not have any impact on BMD values or bone tissue properties in H(+)/K(+) ATPase β subunit knockout (KO) mice, which are genetically modified to have high histamine levels leading to secondary decreases in BMD. 11, 31 Recently, Folwarczna et al. 14 administered loratadine (a 2 nd generation H1-antihistamine) to ovariectomized and non-ovariectomized rats with bone metabolism disorders. Short-term loratadine administration significantly improved bone metabolism and biomechanical bone properties in the non-ovariectomized rats.
The function of osteoclasts and osteoblasts may be influenced not only by histamine alone, but also by chronic inflammatory processes, directly and indirectly. Bone metabolism strongly depends on the interaction of a variety of substances (growth factors, cytokines, hormones) with bone cells. The final effect of these interactions in cases of chronic inflammation leads to bone loss rather than bone formation. 23 There is data suggesting close relationships between prostaglandins, leukotrienes and pro-inflammatory cytokines, and bone turnover. 32 In vitro studies have shown increased differentiation of mesenchymal stem cells in the presence of pranlukast (a CysLT1 receptor antagonist). 33 In experimental animal models of bone fractures, both zileuton (a 5-lipooxygenase inhibitor) and montelukast (a CysLT1 receptor antagonist) increased chondrocyte proliferation and led to quicker bone formation. 34 Our results demonstrate that long-term therapy with fenspiride does not have a negative impact on the growing skeleton. Taking into account the negative impact on bone metabolism of increased histamine levels connected with chronic allergic reactions, it may be assumed that in children with allergic disorders, fenspiride may even have a protective effect.
